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ABSTRACT 

The communication capacity and the communi 
~ ation system 

requirements between a manned spacecraft in Earth orbit and the 
Mission Control Center (MCC-H) for the 1972-19.75 period is dis- 
cussed in this memorandum. The discussion includes the utilizatio 
of the present Manned Spaceflight Network (MSFN) and a projected 
communication satellite network, known as the Data Relay Satellite 
System (DRSS), for transferring wideband information. 
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BEL-COMM, I N C .  

DATE: J u l y  7 ,  1967 

FROM: R .  K. Chen 

SUBJECT: Communications f o r  Long Dura t ion  
E a r t h  O r b i t a l  Missions 
Case 228 

MEMORANDUM FOR F I L E  

I. I n t r o d u c t i o n  

T h i s  memorandum p r o v i d e s  a g r o s s  estimate of  t h e  
communication c a p a c i t y  and t h e  communication sys t em requ i r emen t s  
between a manned s p a c e c r a f t  i n  low E a r t h  o r b i t  and t h e  MSFN for 
t h e  1972-1975 p e r i o d .  The mis s ions  c o n s i d e r e d  would be of 
ex tended  d u r a t i o n  where a l a r g e  amount of  s c i e n t i f i c  data w i l l  
be  c o l l e c t e d .  It i s  l i k e l y  t h a t ,  f o r  such  a m i s s i o n ,  t h e  amount 
o f  data c o l l e c t e d  would exceed t h e  data t r a n s m i s s i o n  c a p a b i l i t y  
of  t h e  communications s y s t e m .  Therefore ,  it becomes n e c e s s a r y  
t o  seek a b a l a n c e  amongst d a t a  c o l l e c t i o n ,  s t o r a g e ,  and t r a n s -  
m i s s i o n  p l ann ing .  I n  t h i s  memorandum, d i s c u s s i o n s  a re  p r e s e n t e d  
on t n e  p robab le  upper  bound of  data.  t r a n s m i s s i o n  c a p a b i l l t y  of 
t h e  communications s y s t e m  invo lved ,  based on two p o s s i b l e  MSFN 
cz~fig! .2r2t iczz.  I L D  b~ i i i d i r i i a i r i  iiie presenr;  IVLYP'N w i t h  
some improvements, and t h e  second would i n v o l v e  t he  augmenta t ion  
o f  t h e  Data Re lay  S a t e l l i t e  S y s t e m  (DRSS)*  t o  t h e  network.  

mL.- n = - - - ~  2 -  J 

11. Assumptions 

It i s  assumed that  t h e  long  d u r a t i o n  manned s p a c e c r a f t  
w i l l  be  i n  a 200 nm c i r c u l a r  o r b i t  w i t h  i n c l i n a t i o n s  of  e i t h e r  
2 3 O  o r  4 5 O .  The s p a c e c r a f t  would be  c o n f i g u r e d  as a n  o r b i t a l  
workshop and t h e r e f o r e  i t  would have more advanced communication 
subsystems t h a n  t h e  p r e s e n t  Apollo CSM c o n f i g u r a t i o n .  The major  
improvements, which may b e  r ea l i zed ,  f o r  t h e  s p a c e c r a f t  a re  
la rger  an tenna ,  b e t t e r  r e c e i v e r  n o i s e  f i g u r e  by u s i n g  uncooled 
p a r a m e t r i c  ampl i f ie rs  (1600~ n o i s e  t e m p e r a t u r e )  and h igher  power 
t r a n s m i t t e r s .  

m,.., L W U  MSFN c o n f i g u r a t i o n s  are assumed; t n e y  are:  

1. The p r e s e n t  A p o l l o  USB ground network p l u s  two s h i p s .  
The ground s t a t i o n s  a r e :  M I L A ,  Grand Bahama, Bermuda 
Ascension,  Grand Canary, Madrid, Carnarvon,  Canberra ,  
Guam, H a w a i i ,  Goldstone,  Guayamas, Ant igua ,  and Texas.  
For  t h e  sake of s i m p l i c i t y  and o t h e r  l i m i t a t i o n s  

* 
Two Phase A D R S S  s t u d i e s  were completed by c o n t r a c t o r s  

f o r  OTDA . 



BELLCOMM, INC. -2- 

d i s c u s s e d  l a t e r ,  a l l  s t a t i o n s  a re  assumed t o  be 
o f  e q u a l  c a p a b i l i t y  based on a s t a t i o n  equipped 
w i t h  a 30 f o o t  d i ame te r  an tenna .  

2 .  A MSFN based  on t h e  augmenta t ion  of t h e  DRSS which 
c o n s i s t s  of t h r e e  g e o s t a t i o n a r y  s a t e l l i t e s  and two 
ground s t a t i o n s .  One ground s t a t i o n  would be s i t u -  
a ted i n  t h e  v i c i n i t y  of MCC-H, and t h e  o t h e r  ground 
s t a t i o n  s i t u a t e d  near Canberra ,  A u s t r a l i a ,  s e r v i n g  
as a r e l a y  t e r m i n a l  between s a t e l l i t e s ,  as one o f  
t h e  s a t e l l i t e s  would n o t  be v i s i b l e  t o  t h e  c o n t i n -  
e n t a l  Uni ted  S t a t e s .  The DRSS s a t e l l i t e s  would u s e  
a r e t r o d i r e c t i v e  a r r a y  t y p e  a n t e n n a  f o r  t he  communi- 
c a t i o n  l i n k  between t h e  manned s p a c e c r a f t  and t h e  
s a t e l l i t e s  a t  S-band f r e q u e n c i e s .  A r e a s o n a b l e  
assumpt ion  f o r  t h e  array an tenna  g a i n  would b e  38 dB.  
A c o n v e n t i o n a l  2 f o o t  p a r a b o l i c  d i s h  an tenna  i s  
assumed f o r  t h e  communication l i n k  between t h e  
s a t e l l i t e  and t h e  ground t e r m i n a l  a t  X-band fre- 
q u e n c i e s  (7-8 G H z ) .  S i x  d B  n o i s e  f i g u r e  r e c e i v e r s  
are assumed f o r  t h e  DRSS which i m p l i e s  s o l i d  s t a t e  
preampl i f ie rs .  

A summary of t h e  s y s t e m  parameters are  p r e s e n t e d  i n  
T a b l e  I. 

Assumptions are a l so  made on t h e  maximum p r a c t i c a b l e  
data t r a n s m i s s i o n  c a p a b i l i t i e s .  The l i m i t a t i o n s  are  made f o r  
s i n g l e  c a r r i e r  f r equency  d i c t a t e d  by c i r c u i t  and component d e s i g n  
l i m i t s .  It i s  assumed t h a t  t h e  maximum r e a l i z a b l e  RF bandwidth 
would be 1 0  p e r c e n t .  I n  t h e  c a s e  o f  S-band f requency  c a r r i e r s ,  
t h e  bandwidth would be  approximate ly  + 1 0 0  MHz. However, f o r  a 
d i g i t a l  s y s t e m  it i s  f u r t h e r  assumed That t h e  maximum b i t  r a t e  
t h a t  can be g e n e r a t e d  i n  a s p e c e c r a f t  would be 20 megabits per 
second.  It i s  a l s o  a n t i c i p a t e d  t h a t  a c o n s i d e r a b l e  problem may 
e x i s t  i n  f r equency  spectrum ass ignment ;  f o r  i n s t a n c e ,  t h e  S-band 
down l i n k  f requency  spectrum a l lowed  f o r  NASA u s e  i s  o n l y  30 MHz 
(2270 MHz - 2300 MHz) and t h e  t o t a l  S-band down l i n k  spec t rum 
a l lnwed,  ir ,cludlr;g t h e  DGD Space Ground Link Subsystem (SGLS) 
i s  1 0 0  MHz ( 2 2 0 0  MHz - 2300 M H z ) .  The f r equency  a l l o c a t i o n  pro-  
blem i s  a n  area of  s t u d y  by i t s e l f  which has o t h e r  t h a n  t e c h n i c a l  
f a c t o r s  i nvo lved ;  e s p e c i a l l y ,  i n  t h e  area of  t h e  ph i losophy  f o r  
space- to-space  f requency  ass ignment .  The spectrum a l l o c a t i o n  
problem w i l l  n o t  be  inc luded  i n  t h i s  s t u d y  as a b a s i c  s y s t e m  
l i m i t a t i o n .  
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111. Transmission Performance Calculations 

The one way transmission equation, 

ERP x G 
SNR = r 9 

where: SNR = signal to noise ratio required 

ERP = effective radiated power (product of trans- 

Gr = receiving antenna gain 

K = Boltzman's constant 

mitter power and antenna gain) 

= effective noise temperature of receiving system Teff 

B = bandwidtn 

Lfs = free space path loss 

= miscelleaneous system losses, is used for the Lsyst 
transmission performance calculations. The calculations made 
are for wide band data only; the communication functions, such 
as voice, up-data, and tracking are not treated in this study. 
The implication is that the wide band data considered would 
dominate the communication system requirements, and the addition 
of the other functions can be provided with minor additions to 
the system. The modulation techniques used for the calculations 
are coherent PCM/PM f o r  digital data transmission and FM for 
television transmission. 
all calculations which accounts for design margin and transmission 
degradation from unfavorable weather conditions. 

A 6 dB performance margin is added to 

In the following, the communication system capabilities 
are calculated for the two possible MSFN configurations. 

A. Present MSFN - Spacecraft 
Calculations are made for 1) the transmission of 20 

megabits/sec digital data and 2 )  33 MHz analog data in 200 MHz 
rf bandwidth. These calculations are presented in Table I1 for 
the spacecraft to MSFN link. Table I11 presents a calculation 
of the required spacecraft antenna size, when transmitting 
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commercial television from MSFN to the manned spacecraft. For 
all cases, it is seen that satisfactory performances can be 
obtained by using a 20 watt transmitter on the spacecraft with 
an 8 dB gain antenna. 
craft to MSFN were restricted to commercial type television 
(4 MHz baseband bandwidth) all requirements can be met with an 
omni type antenna on the manned spacecraft. 

If the analog transmission from space- 

B. Spacecraft-DRSS-MCC-H 

A quick calculation would show that for this MSFN 
configuration the limiting links are those between the manned 
spacecraft and the DRSS satellites. Therefore all the calcu- 
lations would be made f o r  those links. It is also assumed 
that the satellite-Earth link would be made 10 dB better in S N R  
performance; therefore, the added thermal noise of that link 
would only degrade the satellite - manned spacecraft link by 
approximately 0.5 dB. 

The effective radiated power required for the manned 
spacecraft to DRSS transmission link when transmitting 20 mega- 
bits per second digital data. and 33 MHz of analog information 
is calculated in Table IV. The spacecraft receiver antenna gain 

vvllulLL1 LIaI b y p e  t , c l c v i o i u r i  Lr-arls;rnission from U K Y Y  to the 
manned spacecraft is calculated in Table V. It is seen that 
with a 1 5  ft diameter antenna (38 dB gain) on the manned space- 
craft, approximately 40 watts of transmitter power is required 
to send 20 megabits per second digital data, and that 580 watts 
of transmitter power would be needed to send 33 MHz of analog 
information. Also with the 15 foot antenna, the manned space- 
craft would be able to receive commercial quality television 
transmission. Again, if the analog data transmission from the 
spacecraft were restrictea to television of the commercial 
quality ( 4  MHz baseband), then 7 0  watts of transmitter power 
would be sufficient. 

pnn "--.."--.-*--I I--- L - - I  

A quick l o o k  was made on the possible advantage of 
using digital techniques for television transmission. A straight 
forward PCM technique, using a sampling rate twice the highest 
OzLseOaiid f r e q u e n c y ,  and encoding each sample in six b i t s  to 
provide 64 intensity levels, would require a transmission rate 
of 48 megabits per second. In order to confine the trans- 
mission to 20 megabits/sec, it is clear that some kind of 
data compression method is required. The particular method 
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chosen i s  known as t h e  Improved Gray S c a l e  (ICs) s y s t e m  
which i s  under  development a t  RCA,  P r i n c e t o n . *  A t h r e e  
to one b i t  r e d u c t i o n  can b e  a c h i e v e d  w i t h  some s a c r i f i c e  
i n  t h e  p i c t u r e  q u a l i t y .  The t r a n s m i s s i o n  c a l c u l a t i o n  f o r  
d i g i t i z e d  t e l e v i s i o n  i s  made i n  T a b l e  VI, t h e  r e s u l t  
i n d i c a t e s  t h a t  a 3.3 dB advantage  can  be r e a l i z e d  w i t h  t h e  
p a r t i c u l a r  method used.  

IV. Summary 

From c a l c u l a t i o n s  p rov ided  i n  S e c t i o n  111, t h e  
communication c a p a c i t y  of t h e  two MSFN c o n f i g u r a t i o n s  can  
be  de t e rmined .  For  t h e  case  where DRSS i s  i n v o l v e d  t h e  
d u t y  c y c l e  of t h e  MSFN i s  loox, a t o t a l  o f  1 . 7  x loi2 b i t s / d a y  
of d i g i t a l  data can be o b t a i n e d  from t h e  manned s p a c e c r a f t .  
I n  o r d e r  t o  t r a n s m i t  commercial t y p e  t e l e v i s i o n  from t h e  
s p a c e c r a f t ,  s l i g h t l y  h i g h e r  t r a n s m i t t e r  power would be 
r e q u i r e d ,  I n  e i t h e r  case ,  a commercial t y p e  t e l e v i s i o n  
can  b e  r e c e i v e d  by t h e  manned s p a c e c r a f t .  For  t h e  c a s e  
of u t i l i z i n g  t h e  p r e s e n t  Apollo USB MSFN, t h e  communication 
c a p a c i t y  i s  reduced by approximate ly  a f a c t e r  ~f 5, because  
of' t h e  coverage  l i m i t a t i o n .  The s p a c e c r a f t  an t enna  g a i n  and 
RF power r equ i r emen t s  a r e  summarized i n  T a b l e  VI1 f o r  v a r i o u s  
c a s e s  cons ide red  i n  S e c t i o n  111. 

S e v e r a l  major  f a c t o r s  shou ld  be c o n s i d e r e d  between 
the MSFN c o n f i g u r a t i o n s  a s  d i s c u s s e d  below: 

1. MSFN Complexity - It i s  c l e a r  t h a t  i n  t h e  c a s e  
o f  implementing t h e  DRSS, a n  e n t i r e l y  new system 
i s  r e q u i r e d .  The p a r a m e t e r s  assumed f o r  t h e  
DRSS s a t e l l i t e  r e l y  on t h e  p r a c t i c a b i l i t y  o f  
t h e  r e t r o d i r e c t i v e  array an tenna  s y s t e m  which 
has no t  been used i n  any space a p p l i c a t i o n  b e f o r e .  
On t h e  o t h e r  hand, by  u t i l i z i n g  t h e  p r e s e n t  
MSFN, only  s l i g h t  ground s t a t i o n  improvement 
would be r e q u i r e d .  But t h e  l a r g e r  problem i s  
t o  t r a n s f e r  t h e  data  from t h e  i n d i v i d u a l  ground 
s t a t i o n  t o  MCC-H. Conceivably ,  t h i s  can  be  done 
by t h e  use  o f  a commercial  communication s a t e l l i t e  
system a t  a non-negleg ib le  c o s t ,  u n l e s s  rea l -  
t i m e  or n e a r  r e a l - t i m e  data a c q u i s i t i o n  i s  n o t  
r e q u i r e d  a t  MCC-H. 

* 
W .  T .  B i s i g n a n i ,  e t .  a l . ,  "The Improved Gray S c a l e  and 

t h e  Coarse-Fine PCM Systems, Two N e w  D i g i t a l  TV Bandwidth 
Reduct ion  Techniques" ,  IEEE Proceed ings ,  March, 1966. 
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2 .  S p a c e c r a f t  Complexity - The u s e  o f  DRSS t y p e  o f  
MSFN c o n f i g u r a t i o n  would r e q u i r e  a l a r g e  d i s h  
an tenna  on t h e  s p a c e c r a f t  and h i g h e r  power t r a n s -  
m i t t e r s .  On t h e  o t h e r  hand, an  Apo l lo  t y p e  t r a n s m i t t e r  
and omni an tenna  i s  s u f f i c i e n t  for communicating 
w i t h  t h e  e x i s t i n g  MSFN. 

2034-RKC-jad e w  
R .  K .  Chen 

Attachments  
T a b l e s  I-VII 
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Transmitter Power 

Transmitting System Loss 

Transmitting Antenna Gain 

Free Space Loss 

Receiving System Loss 

Signal Power Received with 
0 dB Gain Antenna 

Receiving System Noise 
Spectral Density (450OK) 

RF Bandwidth* 

SNR Required* 

Margin Added 

Receiving Signal Power Required 

Receiving Antenna Gain Reauired 

Table I11 

40.0 dBW 

-1.0 dBW 

44.0 dB 

-166.0 dB 

-3.0 dB 

-86.0 dBW 
~ 

-202.1 dBW/Hz 

73.9 dB 

1 0 . 0  dB 

6.0 dB 

-112.3 dBW 

-26.3 dB 

Television Transmission From MSFN to Manned SDacecraft 

* Conventional FM, using modulation index of 2j4 MHz t-- e1 evision 
baseband bandwidth, baseband SNR = 34.5 dB (peak to peak to rms) 
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Transmitter Power 

Transmitting System Loss 

Transmitting Antenna Gain 

Free Space Loss 

Receiving System Loss 

Signal Power Received with 
0 dB Gain Antenna 

Receiving System Noise Spectral 
Density (450OK) 

RF Bandwidths* 

SNR Required* 
- -  imrgin for neiay LSS 

Margin Added 

Receiving Signal Power Required 

Receiving Antenna Gain Required 

17.0 dBW 

-4.5 dB 

38.0 dB 

-191.6 dB 

-3.0 dB 

-144.1 dBW 

-202.1 dBW/HZ 

73.8 dB 

10.0 dB 

0.5 dB 

6.0 dB 

-111.8 dBW 

32.3 dB 

Table V 

Television Transmission From DRSS to Manned Spacecraft 

* Conventional FM, using modulation index of 2, 4 MHz baseband 
bandwidth, baseband SNR = 34.5 dE Peak t o  Peak to rms. 
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Transmitter Power 

Transmitting System Loss 

Transmitting Antenna Gain 

Free Space Loss 

Receiving System Loss 

1 Signal Power Received with 
0 dB Gain Antenna 

Receiving System Noise 
Spectral Density ( 4 5 0 O K )  

Bit Rate Bandwidth (16 MHz) 

SNR Required 

Margin for Relay Loss 

Margin added 

I Receiving Signal Power Required 

L Receiving Antenna Gain Required 

Table VI 

~ 

17 dBW 

-4.5 dB 

38.0 dB 

-191.6 dB 

-3.0 dB 

-144.1 dBW 

-202.1 dBW/Hz 

72.0 dB 

8.5 dB 

0.5 dB 

6.0 dB 

-115.1 dBW 

29.0 dB 

Digitized Television Transmission from DRSS to Manned Spacecraft 
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S/C to MSFN* 

20 megabits/sec. Data 

33 MHz Analog Data 

Commercial Quality TV 

S/C to DRSS* 

20 megabits/sec. Data 

33 MHz Analog Data 

Commercial Quality TV 

Digitized IGS TV 

Spacecraft Antenna 
Gain 

Spacecraft 
RF Power 

0 dB (Omni) 

8 dB 

0 dB (Omni) 

38 dB (15 ft dish) 

38 dB 

38 dB 

38 dB 

10 Watts 

20 Watts 

20 Watts 

40 Watts 

580 Watts 

70 Watts 

35 Watts 

Table VI1 

Summary of Spacecraft Antenna and RF Power Requirements 

In all cases, spacecraft is capable of receiving commercial 
quality television. 

* 5 times more data car! be transferee! using DRSS satellites 
than using present Apollo MSFN. 


